T hirty-day readmission rates are commonly used to assess health system performance and to guide resource allocation; they are also used as end points in studies of interventions designed to improve quality of care.
T hirty-day readmission rates are commonly used to assess health system performance and to guide resource allocation; they are also used as end points in studies of interventions designed to improve quality of care. [1] [2] [3] Much of the research on 30-day readmission rates has focused on populations that are admitted to hospital from the community with subsequent return to the community. Although this group is useful for understanding readmissions among certain segments of the population, it overlooks users of home care and residential longterm care services, more specifically, frail older adults whose care poses one of the biggest challenges currently facing the health care system.
Much of the previous research on readmissions, including studies on population trends and risk prediction models, either excluded older adults discharged to home care or long-term care or did not account for the use of these services. 1, 4, 5 The small number of studies that compared readmission rates across discharge settings have reported conflicting results. [6] [7] [8] [9] Even fewer studies have considered the care setting before hospital admission or the effects of a change in setting at discharge. As such, there is an important gap in our understanding of the frequency of the simple transition from the community to hospital and back to the community relative to that of other, more complicated transitions across care settings, and the impact of this on readmission rates. Furthermore, clinicians have little guidance about how to assess or reduce the risk of readmission for older adults admitted from and discharged to these care settings, and policy-makers have little evidence to RESEARCH Care setting and 30-day hospital readmissions among older adults: a population-based cohort study inform system-level strategies designed to improve population health and use available resources efficiently.
Our objective was to describe and compare 30-day unplanned hospital readmissions among older adults characterized by their care setting both before and after hospital discharge. We hypothesized that a large proportion of older adults would experience a change in care setting after the hospital stay, that older adults with different care setting pathways would have different clinical and health service use profiles, and that older adults admitted from and discharged back to the community would have the lowest rate of readmission, even after adjustment for other variables. Given the limited data on readmissions that are available from other care settings, we could not anticipate how older adults discharged to home care and long-term care would differ. The information from this study will contribute to a better understanding of the extent to which complicated transitions to and from hospital influence re admission among older adults, which is essential for system planning, performance measurement, and the targeting and testing of interventions to improve transitions and reduce readmissions.
Methods
For this retrospective cohort study, we used health administrative data from multiple sectors in Ontario. Information on these data sources, including the Discharge Abstract Database, is provided in Appendix 1 (available at www.cmaj.ca/lookup/suppl/ doi:10.1503/cmaj.180290/-/DC1). Data were linked using unique encoded identifiers and analyzed at ICES in Toronto.
Selection of study cohort
We identified all individuals aged 66 years and older who were discharged alive after a nonelective medical hospital admission between Apr. 1, 2008, and Dec. 31, 2015. For individuals with more than 1 discharge within the study period, we selected the first discharge. Hospital stays with evidence of transfer between institutions were treated as single episodes. Medical hospital admissions were identified using the Canadian Institute for Health Information's case mix grouping (known as the CMG+ methodology). 10 We excluded admissions associated with surgery, psychiatry, obstetrics or cancer therapy. We focused on medical admissions, to be consistent with other literature. 9, 11, 12 
Care settings
We created 4 mutually exclusive categories based on the combination of care settings before and after the index hospitalization ( Figure 1 ): admission from and return to the community (C-C), admission from the community and return to the community with home care (C-H), admission from the community and discharge to long-term care (C-L), and admission from and return to long-term care (L-L). For individuals who started in long-term care, we considered only return to long-term care, because these people were unlikely to be discharged elsewhere. We considered an individual to have been discharged to home care or long-term care if we found evidence of either form of care within 14 days after discharge. We did not include home care as a care setting before hospital admission because we were unable to determine consistent use of home care services reliably, given the nature of Long-term care
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Figure 1: Care setting combinations for patients admitted to hospital from the community or long-term care and discharged to various settings after the hospital stay. these services and available data. We excluded individuals discharged to any rehabilitation setting because rehabilitation is likely to have different influences on readmission.
Characteristics of study cohort
We characterized members of the cohort by demographic characteristics and chronic conditions that were present during the 5 years before the index hospital admission, specifically anxiety and depression, arthritis, cancer, chronic obstructive pulmonary disease, congestive heart failure, dementia, diabetes mellitus, upper gastrointestinal bleeding, hypertension, inflammatory bowel disease, ischemic heart disease, osteoporosis or osteopenia, and renal disease (with and without long-term dialysis). We characterized physician visits, emergency department visits and hospital admission in the year and in the 30 days before the index hospitalization, as well as home care use in the 30 days before hospitalization.
Index hospital admission
We estimated the total length of stay, in days, from the date of admission to the date of discharge (or from the initial admission to the final discharge if the patient was transferred during the hospitalization). We identified the most responsible diagnosis, defined as the diagnosis most responsible for the overall length of stay. We categorized these diagnoses according to case mix group, 10 and then aggregated the case mix groups on the basis of clinical input, to reduce the number of categories. We identified days with alternate level of care (ALC), which refers to periods when an individual is considered to no longer require acute level services but cannot be discharged because appropriate care is not available elsewhere (such as when a long-term care bed is not available). In-hospital complications were defined as diagnoses that arose after admission.
Hospital readmissions
Each individual was followed from the discharge date for up to 30 days, during which time any nonelective admission to any hospital in Ontario or death was identified. If more than 1 readmission was detected, we used only the first. We characterized readmissions according to timing relative to index discharge, total length of stay, most responsible diagnosis, ALC days and readmission discharge disposition. We categorized discharge disposition as the same or a lower level of care (relative to before the readmission), a higher level of care or death.
Statistical analysis
For each combination of care settings, we used descriptive statistics to characterize baseline and index hospitalization variables, and to estimate the proportion of individuals who either were readmitted or died (without readmission) within 30 days after discharge. For those who were readmitted, we described the readmission. Estimates are presented with 95% confidence intervals (CIs).
To address competing risks, we created a multinomial outcome: readmission, death (without readmission) or neither within 30 days. We used a single multinomial model to quantify the effect of the care setting combination on the likelihood of each 30-day readmission and death, with C-C as the reference category. To address confounding, we included all baseline and index hospitalization variables that changed the unadjusted associations between care setting and either outcome by 10% or more. We used a generalized estimating equation to account for clustering within the index hospital. Final estimates were adjusted for age, sex, number of pre-existing chronic conditions, dementia, any emergency department visits in the previous 6 months, any nonelective hospital admissions in the previous year and index hospitalization variables (aggregated case mix groups, any ALC days, length of stay and in-hospital complications). We also adjusted for any home care visit within 30 days before the index hospitalization, because we did not have a prehospitalization home care group.
All analyses were conducted using SAS software, version 9.4 (SAS Institute).
Ethics approval
The study was approved by the institutional review boards at Sunnybrook Health Sciences Centre and Women's College Hospital, Toronto.
Results
We identified a cohort of 701 527 individuals. The majority (414 302 or 59.1%) started in and returned to the community after the index hospital admission, whereas 221 169 (31.5%) were discharged with home care and 21 440 (3.1%) were newly admitted to long-term care.
The mean age for the cohort was 78.4 (standard deviation [SD] 8.0) years, 375 657 (53.5%) of cohort members were women, and 283 064 (40.3%) had 5 or more chronic conditions. In the year before the index admission, virtually everyone (685 372 [97.7%]) had visited a physician at least once, 331 168 (47.2%) had visited the emergency department, and 72 536 (10.3%) had been admitted to hospital.
Baseline variables differed by care setting combination (Table 1) . Those who started in and returned to the community were the youngest and had the lowest proportion of women, whereas those discharged to long-term care were the oldest and had the highest proportion of women. Stark differences in preexisting chronic conditions emerged, with the greatest difference observed for dementia (from 11.6% for the C-C combination to 82.7% for the L-L combination). The C-H combination had the greatest frequency of emergency department visits in the year before the index admission, whereas the C-L combination had the greatest use of home care before hospital admission.
Gastrointestinal conditions were the most common reason for hospital admission among those in the C-C and C-H combinations (14.5% and 8.6%, respectively), stroke was the most common reason among those in the C-L combination (7.5%), and pneumonia or another respiratory condition was the most common reason among those in the L-L combination (15.5%) ( Table 2 ). Dementia, which was not among the 10 most common reasons overall, was the most common reason for admission The overall frequency of 30-day readmission was 12.6%, but frequency varied by setting combination: 10.6% of those returning to the community, 16.8% of those receiving home care, 8.4% of those newly admitted to long-term care and 12.4% of those returning to long-term care (Table 3) . Overall, 2.3% of the cohort died within 30 days of discharge, and this too varied by setting.
The mean time between the index hospitalization and re admission was 11.9 (SD 8.5) days, with little difference by setting combination. Readmissions were longer than index hospitalizations for all combinations except C-L; this finding was driven by an increase in the proportion whose stay was 14 days or longer. Nearly 20% of those in the C-H combination had ALC days during the readmission. Ultimately, 10.5% of individuals in the C-C combination died during the readmission, compared with about 20% in the other setting combinations.
Following adjustment for demographic, clinical and health service use variables, including prior home care, we found that the C-H and L-L combinations had an increased likelihood, relative to the C-C combination, of 30-day readmission (adjusted odds ratio [OR] 1.43, 95% CI 1.39-1.46, and adjusted OR 1.35, 95% CI 1.27-1.43, respectively), and the C-L combination had a reduced likelihood (adjusted OR 0.68, 95% CI 0.63-0.72) ( Table 4) . Full model results are presented in Appendix 2 (available at www. cmaj.ca/lookup/suppl/doi:10.1503/cmaj.180290/-/DC1).
Interpretation
In this large, population-based cohort of older adults with an unplanned medical hospitalization, 31.5% were discharged to home care and 9.5% to long-term care (6.4% returning to longterm care and 3.1% newly admitted). Although most patients had a relatively simple transition, from the community to hospital and back to the community, a substantial proportion experienced more complicated transitions. These more complicated transitions have important resource implications that are directly related to the costs of home care and long-term care, but our work also shows that they are associated with important differences in terms of hospital readmission. Nearly 13% of the cohort was readmitted within 30 days after discharge, but this proportion varied by a factor of 2 when we considered the care Note: CI = confidence interval, OR = odds ratio, ref = reference. *Adjusted for age categories, sex, pre-existing chronic conditions (total number, dementia), any visit to the emergency department within 6 months before index hospital admission, any nonelective hospital admission within 1 year before index admission, any home care use in the 30 days before index hospital admission, case mix group at index hospital admission, length of index hospital stay (log), any alternate-level-of-care days during index hospital stay and any in-hospital complications during index hospital stay.
setting before and after hospitalization. The spectrum of our results, from clinical profiles through service use patterns and outcomes, further shows that fundamental shortcomings in the health system's ability to meet older adults' needs, particularly those with dementia, manifest as frequent use of acute care, including readmissions, prolonged hospital stays with extended ALC periods and "non-acute" reasons for hospital admission. Fundamental to a strong care system for older adults is sufficient access to appropriate home and long-term care services. 13 We found that older adults discharged with home care were the most likely to be readmitted and, when they were readmitted, experienced the longest stays with the greatest frequency of ALC days. Others have suggested that mismatches between recipient needs and home care service provision result in poor outcomes, 9 and a recent study suggested that associations between home care and emergency department use may result from the limited scope of home care services and lack of integration with primary care.
14 Individuals who started in the community and were discharged to long-term care had the lowest likelihood of hospital readmission, which suggests that they were in the appropriate care setting but that the path to long-term care was marked by frequent acute care use, very long hospital stays and lengthy ALC periods. Individuals admitted from and discharged to long-term care had an increased likelihood of readmission. Some evidence suggests that long-term care residents are prematurely discharged from hospital because providers have little experience in long-term care and make erroneous assumptions about available resources. 15 Although this issue is separate from the need for enhanced home and long-term care services, it is a reminder that improved management of frail older adults in the hospital is an important component of any comprehensive care strategy for older adults.
Quality end-of-life care, in any setting, is also critical to such a strategy. Among those readmitted from home care or long-term care, about 20% died during the readmission. The frequency of death following repeated transitions is concerning. Preferences for death at home, or in a home-like setting, over death in the hospital have been well documented, 16 as has the burden of hospital admissions at the end of life. 17 Quality end-of-life care reduces symptom burden and hospital transfers that are not desired by patients.
Finally, our data show the value of considering the care setting in risk assessment. The developers of clinical risk tools, such as the LACE+ index, 18 did not account for out-of-hospital care setting, but it is clear from our findings that this important measurable factor is a predictor of readmission. Clinicians should be aware of patients' care setting before admission and any change at discharge. Thirty-day readmission models are often used to compare the quality of care between hospitals, but this variable may also be affected by the omission of pre-and posthospitalization care setting. Even after rigorous risk adjustment, care settings were strongly associated with 30-day readmission, which has implications for model validity, particularly when discharge patterns to home care, long-term care and other settings differ across hospitals.
Limitations
This study had limitations. Although we adjusted for many variables, we lacked data on measures such as physical or cognitive function and caregiver availability; however, we were able to adjust for dementia and other factors associated with declining function. Smaller studies have shown that physical function has a moderate influence on readmission, 19, 20 but it is difficult to know how this would translate to our cohort. That such measures are not routinely collected poses substantial barriers to implementing and monitoring a care system for older adults. We could not capture home care that was paid for privately. Nonetheless, we still found very large differences between the groups who did and did not receive publicly funded home care.
Conclusion
In this large cohort of older adults who had been admitted to hospital, we found that 40% had been discharged to either home care or long-term care and that the discharge setting, coupled with the prior care setting, had important implications for understanding 30-day hospital readmissions. Health system planning and strategies to reduce readmissions among older adults should take into account the care setting both before admission and at discharge. Furthermore, by contextualizing hospitalization within these care settings, our findings suggest an approach to understanding readmissions as a signal of the health system's preparedness for the aging population.
